The literature provides little evidence on what type of endpoints should be used to assess treatmentinduced improvement in female sexual function. Aim. The main goal of this study was to provide empiric evidence on the sensitivity of different types of measures for detecting treatment-induced changes in female sexual dysfunction diagnosis. Methods. The measures investigated in this study included event logs, self-administered questionnaires (Female Sexual Functioning Index; FSFI), vaginal photoplethysmography, and continuous subjective sexual arousal measured during exposure to erotic videos. Participants were 24 women with female sexual arousal disorder (FSAD) who received sex therapy, placebo, or gingko biloba in a four-arm double-blind placebo-controlled clinical trial. FSAD was diagnosed utilizing a semistructured interview administered at pre-and post-treatment. Those women who did not meet FSAD criteria at post-treatment (N = 10) were labeled as "improved," while women who still met FSAD criteria (N = 14) were categorized as "not improved" even if they showed signs of improvements. Main Outcome Measure. Change scores from pre-to post-treatment on the FSFI, event logs, vaginal photoplethysmography, and continuous subjective levels of sexual arousal were used to predict whether women improved at post-treatment. Results were checked with exact logistic regression to control for the small sample size. Results. The FSFI was the only measure to significantly predict whether women improved at post-treatment. The findings from this study lend support for the use of validated questionnaires as endpoint criteria in detecting treatment-induced changes in women's sexual dysfunction. Rellini A, and Meston C. The sensitivity of event logs, self-administered questionnaires and photoplethysmography to detect treatment-induced changes in female sexual arousal disorder (FSAD) diagnosis. J Sex Med 2006;3:283-291.
Introduction
n 2003, the International Consultation on Urological Diseases (ICUD), an organization registered with the World Health Organization (WHO), met in Paris and provided an in-depth review of published evidence on the efficacy of treatments for women's sexual dysfunction. Evidence from this 2nd International consultation on I sexual dysfunctions revealed that the field of female sexuality is lacking in empirically supported treatments for almost all types of sexual dysfunction except primary female orgasmic disorder [1] . One of the impediments of conducting clinical trials on female sexuality is the controversy regarding what endpoints most effectively assess treatment-induced changes [2] . Currently, there are a variety of measures that can be used as end-J Sex Med 2006;3:283-291 points, specifically, self-administered questionnaires, event logs or diaries, physiological measures of sexual arousal, and clinicianadministered interviews. While each method has pros and cons that need to be considered, it is important to acknowledge that this discussion is often framed within the context provided by the Food and Drug Administration (FDA) [3] guidelines for clinical trials on female sexuality. These guidelines recommend using diaries or event logs as the primary endpoints while self-administered questionnaires are accepted only as secondary outcome variables:
Primary endpoints for trials of drug products to treat FSD should be clinically meaningful and specifically related to the component or components of FSD being studied in the trials. These endpoints should be based on the number of successful and satisfactory sexual events or encounters over time. The determination of successful and satisfactory should be made by the woman participating in the trial, as opposed to her partner. [3] Researchers have argued that although event logs and diaries can provide meaningful information on the patient's condition, self-administered questionnaires can be equally or more informative than event logs.
The characteristics necessary for an outcome measure are reliability, validity, and sensitivity to detect treatment-induced changes. Reliability is usually assessed within items and within participants over a period of time. Within-item correlations provide information on whether the instrument is assessing a consistent construct, while test-retest reliability allows researchers to assess whether scores are consistent across time. Validity tests include construct, concurrent, divergent, and discriminatory validity. Construct validity is tested statistically using principal component analyses to investigate the consistency of scores for items intended to address the same domain. Convergent and divergent validity tests how similar or different scores of the target measure are as compared with other measures known to address related constructs. This analysis is important to assess whether the instrument is providing additional information as compared with existing scales and whether it correlates with constructs that are supposed to be associated. The discriminatory validity of an outcome measure is the ability of the measure to distinguish between women with and without a clinical diagnosis. Often this is tested by conducting a clinical interview and comparing group differences on the scores from the measure studied. Sensitivity is defined as the ability of the measure to detect treatment-induced changes. This analysis can be conducted using a logistic or linear regression depending on the nature of the dependent variable (i.e., categorical or continuous).
The available measures for female sexual function are self-administered questionnaires, event logs, physiological measures of sexual arousal, and interviews. In a review of validated self-administered questionnaires, Meston and Derogatis [4] cited five instruments developed to assess sexual function. The advantage of self-administered questionnaires for female sexual function over other types of measures is the large amount of empiric support for their reliability and validity. The Female Sexual Function Index (FSFI) [5] is one of the most currently and widely used questionnaires in clinical and research settings and is composed of 19 items divided into six domains: desire, arousal, lubrication, orgasm, satisfaction, and pain. This scale was first developed on a sample of 18-to 65-year-old heterosexual women in relationships with and without a diagnosis of female sexual arousal disorder (FSAD). The FSFI takes only 15 minutes to complete, which makes it appealing for large multisite clinical trials. One of the limitations of the FSFI is the lack of information on the sensitivity of this instrument.
Event logs, according to the FDA guidelines, are to be completed by the participant after each sexual event and they are to assess frequency of successful and satisfactory sexual events. Currently, there are no published psychometrics on any event log, although several are in the making [2] . One of the benefits of using event logs in clinical trials is the generalizability of the results to the life of the individual. Being able to become aroused more easily may be useful but it becomes meaningless if taken outside of the context of the sexual relationship of the patient. On the other hand, there are some limitations to event logs that need careful considerations. One of the main concerns raised by Althof et al. [6] is the lack of concordance between event logs and self-administered questionnaires [7] , which is accompanied by a lack of sensitivity to treatment-induced changes, and a lack of compliance [7, 8] . Althof et al. [6] make the case that asking women to indicate whether the sexual event was successful and satisfactory is based on a subjective judgment that may be better captured by a questionnaire which addresses a variety of dimensions of satisfaction. A sexual event also may not be satisfactory for reasons other than levels of desire, sexual arousal, and orgasm, thus may be removed from the primary objectives of the treatment. Further concerns were raised on the preference for a measure based on two categories (satisfactory event or nonsatisfactory event) as compared with a measure based on a more sophisticated scale such as ratio scale (Likert scale). However, Althof et al. [6] point to a lack of sufficient objective evidence to either retain or reject event logs as primary endpoints.
Physiological measures of sexual arousal are currently used in a variety of laboratories. The most commonly used method to assess physiological sexual arousal is vaginal photoplethysmography, an indirect index of vaginal engorgement during exposure to erotic stimuli. This measure was first invented by Sintchak and Geer [9] and has since been used in a number of studies on female physiological sexual arousal. Vaginal pulse amplitude (VPA), the unit of physiological sexual arousal, has been found to increase specifically after exposure to erotic stimuli [10] . Exposure to anxiety-provoking videos was not found to increase VPA, thus testing to the sensitivity of the measure. VPA does not have an absolute zero, thus changes in VPA to erotic stimuli have been measured in comparison with the VPA during exposure to a neutral video. One major limitation of this instrument is the large unexplained variability between participants. While some women may show a baseline VPA of 1 mV, others may have 50 mV or larger baselines. Attempts to minimize variance within participants have been addressed by using a placement bar to help standardize the device's position. Studies have consistently failed to find a meaningful difference in VPA response between women with and without FSAD [11, 12] . Recently, Brotto et al. [13] found that when women were divided into subcategories of FSAD (i.e., subjective, genital, and combined) as recommended by an international panel of experts [14] , significant differences between women with genital FSAD vs. controls and women with subjective or combined FSAD emerged. Meston et al. (unpublished data) also recently noted significant differences between subgroups of women with FSAD in VPA responses to erotic stimuli. This suggests that perhaps VPA has discriminant validity when considering a women with FSAD that is primarily of physical (i.e., genital) origin. One of the appeals of VPA is the objectivity of the measure, which is also one of its limitations because a physiological change induced by treatment may be meaningless if not accompanied by a subjective reduction in distress. Other limitations of photoplethysmography are its invasive nature which may not be appealing to all women; the time burden associated with the procedure; and the financial cost of running physiological visits. On the other hand, photoplethysmography could provide invaluable data on the mechanisms of change which could contribute to developing empirically validated treatments for women with FSAD in particular.
Interviews are potentially rich methods to acquire information on the condition of the patient. To our knowledge, only one structured interview has been published for the assessment of female sexual dysfunction [15] . Although interviews provide probably the most in-depth and accurate information on the patient's sexual function, they are also time-consuming and intrainterviewer reliability can become problematic in large multisite clinical trials [2] .
The purpose of this study was to determine which assessment method, for example, event logs, self-administered questionnaires, or psychophysiological measures, best predicts treatment outcome. To do this, we re-analyzed the data from a four-arm double-blind placebo-controlled clinical trial that compared the efficacy of sex therapy, placebo, and gingko biloba. Detailed results from this study are presented elsewhere (C.M. Meston & A.H. Rellini, unpublished data). Clinical interviews conducted at pre-and post-treatment were used as the gold standard to detect changes in FSAD diagnosis after treatment. Event logs, a validated self-administered questionnaire (FSFI), and both self-report and physiological data during exposure to erotic stimuli in the laboratory were compared as to their ability to detect changes in diagnosis at post-treatment.
Method

Participants
The original study enrolled 122 women with a variety of sexual dysfunctions. For the purpose of this study we selected only those women with a diagnosis of FSAD (N = 44) and of these, we used data only for women who completed the event logs at pre-and post-treatment (N = 24). Participants were recruited through advertisements placed in a free community newspaper and fliers posted in Ob/Gyn clinics. During an initial phone call, potential participants were asked a series of questions to assess their qualification for the study and were explained the aims and logistics of the study. Women were included in the study if they were over 18 years of age, currently in a committed relationship, not taking any beta-blockers, reported subjective distress in relation to a problem with sexuality, and denied any abusive sexual encounter during the previous 2 years. Exclusion criteria included presence of domestic violence, menopausal or peri-menopausal status, problems with severe nerve damage, any Axis I diagnosis (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revised [DSM-IV-TR]) [16] , drug or alcohol abuse, and organic psychological problems (e.g., schizophrenia or psychoses). After data collection, participants were divided into a group of women who at posttreatment no longer met DSM-IV-TR [16] criteria for FSAD (N = 14) or a second group that still met diagnostic criteria for FSAD at posttreatment (N = 10).
Measures
Interview A standardized interview was used to assess changes in DSM-IV-TR [16] diagnosis for FSAD. The interviewer was an advanced clinical student with over 300 hours of experience conducting clinical interviews in the area of sexual functioning. The interviewer explained that for the sake of the study "arousal" was defined as any physical or mental experience of being "turned on." Examples of physical sensations provided to the participants included changes in vaginal lubrication, feeling flushed, experiencing increased heart beat or breathing. The interviewer continued by asking whether the participant "experienced difficulties in becoming sexually aroused or 'turned on,' when receiving the appropriate amount of stimulation," and whether "this lack of arousal or difficulty in becoming aroused or 'turned on' was creating problems for her or for her relationship." The interviewer used a number of prompts to further investigate the nature and severity of the dysfunction. In case the participant reported that the sexual arousal problem was due to sexual dysfunction experienced by the partner or relational difficulties her data were no longer considered for this study. Participants who reported a subjective distress associated with the lack of, or difficulties with, sexual arousal were classified as women with FSAD. If the participant continued to report distress associated with her difficulty to become sexually aroused at post-treatment she was categorized as "no change" even if she reported that her condition had improved.
Self-Report Questionnaire
The self-administered questionnaire selected for this study was the FSFI [5] . The FSFI is a 19-item questionnaire that has shown good reliability, validity, and most importantly has been shown to have adequate sensitivity and specificity in the discrimination of women with and without different sexual dysfunction. The scale is divided into six domains: desire, arousal, lubrication, orgasm, satisfaction, and pain. The arousal subscale has shown to discriminate women with no sexual dysfunction from women with FSAD [5] , female orgasmic disorder (FOD), or hypoactive sexual desire disorder (HSDD) [17, 18] . Difference scores were computed between the FSFI arousal and FSFI satisfaction domains completed before and during the post-treatment visit.
Event Log
The event log used in this study was developed in agreement with the FDA guidelines [3] and comprised questions regarding sexual satisfaction (How satisfied were you with your sexual arousal during this sexual activity?) and ability to become mentally and physically sexually aroused (How easy was for you to experience physical sexual arousal from the sexual activity? How easy was for you to feel mentally "turned on" during this sexual activity?). The potential answers consisted of a sixpoint Likert scale and, for the sake of following the FDA conceptualization of event logs, a score of "moderately satisfied" or "somewhat easy" or higher was calculated as a positive experience. Participants were asked to complete the log after each sexual encounter. They were asked to indicate whether the sexual activity included the partner or not. Only sexual activities with a partner were used in the analysis. The ratio of satisfying sexual encounters, mental sexual arousal, and physical sexual arousal was computed for 2 weeks prior to the treatment and for the last 2 weeks of treatment. The difference scores between the ratio at post-and pretreatment in satisfaction, mental sexual arousal, and physical sexual arousal were used as predictors for the regression on changes in sexual dysfunction at post-treatment.
Physiological Sexual Arousal
Changes in VPA between exposure to a neutral and erotic video were calculated. The VPA was measured with a vaginal photoplethysmograph the participant inserted on her own while alone in a private room. A placement bar was clipped on the photoplethysmograph to ensure standardization of the depth and the position of the light sensor in relation to the vaginal walls. Participants were instructed to try to remain still during the exposure to the videos. The video sequence started after a 10-minute habituation period and lasted 3 minutes (neutral video) and 10 minutes (erotic video). The photoplethysmograph was connected to an analog/digital data signal coder and signal samples were selected at a rate of 80 samples/ second. Movement artifacts were edited after data collection according to the procedure commonly used with this type of data [11, 19] . The pulse amplitude was measured in distance between peak and trough (mV) of each pulse and averaged across neutral and erotic video. Percentage of VPA change from neutral to erotic videos was used as a measure of physiological sexual response during that session. The percentage change in VPA during the post-treatment visit was subtracted from the percentage of VPA change during the pretreatment visit and this variable was used as an indication of changes in physiological sexual arousal from pre-to post-treatment.
Subjective Sexual Arousal
Self-reported sexual arousal to the erotic videos was measured continuously using a device termed "arousometer" that was developed by the Female Sexual Psychophysiology Laboratory at the University of Texas at Austin [20] . The arousometer is composed of a computer mouse mounted on a wooden track that the participant moves from a score of "0" or "not aroused at all," to "7" or "very aroused." This technique has been shown to be a valid measure of subjective levels of sexual arousal during laboratory exposure to erotic videos in that it correlates highly with levels of mental sexual arousal as measured by a self-administered questionnaire completed post videos, β = 0.01, t = 5.88, P < 0.006 [20] . Moreover, levels of mental sexual arousal have been found to be significantly lower in women with FSAD and FOD as compared with women with no sexual dysfunction (C.M. Meston, et al., unpublished data). For each psychophysiological assessment session the average scores during the erotic video were subtracted from the average scores during the neutral video. Change scores were operationalized as the difference between the subjective sexual response during the post-treatment and the pretreatment visits.
Procedure
Participants completed two pretreatment and one post-treatment assessment visits during which time they completed questionnaires, interviews and a physiological (i.e., vaginal photoplethysmography) assessment. The videos used for the physiological assessment were selected from a video library composed of six videos which have shown to comparably increase physiological and subjective sexual arousal in a sample of 66 women (more information on the videos' validation is available from the authors). To reduce potential sample bias, pre-and post-treatment videos were counterbalanced between participants. Participants were provided with event logs and instructed to complete a log each time they engaged in a sexual activity for 2 consecutive weeks pretreatment and during the last 2 weeks of treatment (post-treatment). At the end of each week they were contacted by the experimenter and asked to send the completed event logs to the Sexual Psychophysiology Laboratory. Treatment lasted 8 weeks and consisted of either: (i) 300 mg of gingko biloba daily; (ii) placebo pill daily; (iii) weekly sex therapy; or (iv) weekly sex therapy plus 300 mg of gingko daily.
Results
Participants
Women who showed post-treatment improvement in FSAD and women who continued to have FSAD post-treatment did not differ in pretreatment measures of sexual dysfunction, relationship satisfaction, and demographic characteristics (see Table 1 ).
Validity of Instruments Interview Validity
The interview was originally administered to 41 women diagnosed with FSAD and 80 women diagnosed with either HSDD or FOD. To confirm that the interviews were valid, we used the FSFI scores in the arousal and lubrication domains to assess discriminant validity. Results from these t-tests showed a significant difference in the arousal (t(120) = 2.55, P < 0.01), lubrication (t(120) = 3.05, P < 0.01), and satisfaction (t(120) = 3.18, P < 0.01) domains between women with FSAD and women with HSDD or FOD. Moreover, participants diagnosed with FSAD showed means very similar to the ones reported by Rosen et al. [5] and the means of women with other types of diagnoses (HSDD or FOD) showed means more similar to the norms shown in women with HSDD and FOD diagnoses [17] . Table 2 illustrates the means observed among women in this study and women used for the standardization of the FSFI.
Event Logs Validity
In an attempt to provide some initial validity on the event logs, we used the data from all women with FSAD diagnoses in the sample that completed the diaries at pretreatment (N = 42). A Pearson correlation coefficient was computed between each of the domains of the FSFI and the measures from the event logs at pretreatment to test for convergent validity. We found a significant correlation between the question on sexually satisfying encounters and the FSFI arousal (r(41) = 0.461, P < 0.01), lubrication (r(41) = 0.393, P < 0.01), and orgasm (r(41) = 0.467, P < 0.01) domains. The questions in the event logs about physical sexual arousal were moderately associated with the FSFI arousal domain (r(41) = 0.328, P < 0.05), and the event logs question on mental sexual arousal was strongly associated with the FSFI arousal domain (r(41) = 0.459, P < 0.001) and moderately associated with the FSFI lubrication domain (r(41) = 0.300, P < 0.05), orgasm domain (r(41) = 0.313, P < 0.05), and the total FSFI score (r(41) = 0.338, P < 0.05). This suggests that the questions on sexual satisfaction, and mental and physical sexual arousal from the event logs were moderately and significantly correlated with the domains of sexual arousal, lubrication, and orgasm as measured with the FSFI. The test-retest reliability of the event logs remains unknown at this point. It is conceivable that, given the simplicity of the questions, the instrument has good face validity.
Predicting Treatment-Induced Changes in FSAD Diagnosis
To test whether the different types of measures were able to predict changes in FSAD from preto post-treatment, the chosen outcome variable of a series of logistic regressions was change in FSAD diagnoses from pre-to post-treatment (1 = improved; 0 = not improved) assessed via the clinical interview. Given that the goal of this study was to assess how changes in clinical diagnoses were detected through changes in different measures of sexual function, we used as predictors the change scores from pre-to post-treatment in event logs dimensions (satisfaction, mental sexual arousal, and physical sexual arousal), FSFI arousal domain, VPA, and continuous subjective arousal. As the sample size was small and logistic regression is sensitive to sample size, after computing the analyses with regular logistic regression we checked the results with a new analytical technique that controls for small samples size, exact logistic. This technique uses a Monte Carlo simulation, a method of analysis based on artificially recreating a chance process, which has been shown to be accurate with samples of 20 participants or more.
The results found using the regular statistics were confirmed by the exact logistic algorithm; thus we report here only the results from the standard logistic regressions (see Table 3 ). First, we conducted a single logistic regression that included as separate predictors event logs (satisfaction, mental sexual arousal, and physical sexual arousal), FSFI arousal domain, VPA, and continuous subjective sexual arousal. We combined VPA in the same regression model with continuous subjective sexual arousal because the two measures were measured in the laboratory concurrently. Of the three models, the FSFI arousal domain and the VPA and continuous subjective sexual arousal measures were shown to predict changes in FSAD diagnosis above and beyond chance. As illustrated in Table 3 , changes in FSFI scores accurately predicted women who did not change diagnoses in 88% of the cases and women who did change in 42.9% of the cases, for a total of 71.8% of correct prediction. The odds ratio to correctly predict change in diagnoses by considering only the arousal domain of the FSFI were 1.2, meaning that the odds of being classified correctly were 20% greater than been classified incorrectly after considering FSFI arousal domain. The VPA and continuous subjective model correctly predicted 80% of participants who still had FSAD and 67% of women who no longer had FSAD at posttreatment. However, the VPA data failed to converge which is problematic with the Monte Carlo simulation; thus the results for VPA need to be interpreted with caution.
Given that the FDA proposed event logs as the gold standard on which to base outcome measures, we conducted a series of hierarchical logistic regressions where we compared the performance of event logs to other measures (i.e., FSFI, VPA, and continuous subjective sexual arousal) on their ability to correctly predict changes in FSAD diagnosis. To conduct this test we used a two-step hierarchical regression where event logs change scores in satisfaction, mental sexual arousal, and physical sexual arousal were the predictors used in step one to predict changes in FSAD diagnoses. In step two, either FSFI or VPA and continuous subjective sexual arousal were added to the model (Table 4) . A significant increase in the Wald statistics from step one to step two indicates that the variables included in step two predict the criterion above and beyond variables in step one. The FSFI arousal domain was the only measure that was shown to outperform the event log change scores in the prediction of FSAD changes from pre-to post-test (χ 2 = 5.42, P < 0.05).
Discussion
To the best of our knowledge, this is the first study to empirically evaluate whether event logs are a better measure of changes in clinical FSAD diagnosis compared with self-administered questionnaires, physiological measures of sexual arousal, and self-reported changes in subjective sexual arousal during laboratory exposure to erotic videos. The results from this study suggest that change scores in the FSFI arousal domain were able to significantly predict changes in clinical FSAD diagnosis at post-treatment. The frequency in satisfying sexual events did not predict changes in FSAD diagnosis above chance. Moreover, when compared with event logs, the FSFI arousal domain was the only measure shown to predict changes in diagnoses more accurately than the event logs. There are several potential explanations for this finding. One viable interpretation of the findings is that event logs may not be able to capture the complex dimensions of women's sexual functioning. An increase in frequency of satisfying sexual events may not be associated with the overall sense of sexual satisfaction or sexual functioning. For example, increasing the number of sexually satisfying experiences may not compensate for the times when the sexual experience remains deeply unsatisfying and causes high levels of distress. Another potential explanation is that the time frame used for the event logs (2 weeks) may not be long enough to capture a woman's sense of sexual functioning. Indeed, the FDA guidelines suggest a 4-week baseline. This is a potential limitation for the sensitivity test of the event logs. However, the correlation between FSFI domains and event logs observed at pretreatment provides at least partial evidence that the event logs were able to accurately detect levels of sexual functioning. It is also feasible that using a different question in the event logs may have better captured the changes in sexual functioning among the participants. The questions in the event logs used in this study were selected because they directly addressed the guidelines published by the FDA (2000).
Conclusion
In conclusion, this study provides initial evidence that frequency of satisfying sexual encounters or frequency of sexual encounters when arousal is achieved may not be a sensitive index of treatment-induced changes in FSAD diagnoses. The findings from this study also provide initial evidence for the sensitivity of the FSFI to detect changes in sexual functioning for the arousal domain. 
